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© Notv>nnoer optfoal material «nd non-linear optloal devtoa employing fL 

@ A novel oi^ic non-ftiear opticaJ m^ton^ and a dovtee using tho same ars dfectosod, TT»e maMal tiarctly 
maked reversal symmetrical molecutar contfguralfon tn a bulk state such as a crystal and a thin and ahowrs 
a high noiHkieer optica! effect A non-linear c^cal device using the material has an exceUenft pnjpertles. The 
oi^artf c non-linear optical maleriai is compnaed of the foikminQ compotxid: 



I 

Rt 



CO 

in 

CO 



Ul 



wher^ Ri. R« and are Independently a hydrogen atom, a cyano group, a phenyl ^roup* an amino 
group, an aOooxy group, an acylamino group, an alkylthto group, an alkyi group, an alkoxyycartionyl group, 
cartsamoyl group or a hetarocydk: group. provWed that is aJlowad to Bnk together with R» to form a ring 
and Ri. Ra and R» are not hy^ogen atom at the same time; Ra to a hydrogen atom, an alkyt group or an 
acyl group: and saki groups reprosentod l>y Ri, R2. Ra. Rt and the ring fornied l>y Gnkkig the groupa 
r^ireaantBd hy Ra and R4. era aikywed to have a aubsfituent 
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NOfHJMEAR OPnCAL MATBML AND NON-^^ 



FIELD OF THE INVEimON 



This tnw&ition rstates to an or^janlc nofvfinear optical materlai applicable to the geneiafion of the h^her 
5 harmonic waves and to the paramalite amplification of laaar beam, and to the fke. and furftw ralalaa to an 
ciganic norHinear opfcal dav^ employing it 



BACKGROUND OF ira INVENTION 

to 

A non-Enear optical ^fect is strfldngly displayed wtien exposing a material to Intensive light such as 
laser beams. Such effect can be appied to a frequency conversion, an intensity moduration, a switc hing 
operation, and so forth. In recent years, many reasearches and developments have t)een made for obtaining 

fa the materisSs capable of cfisptaying such a nonlinear optica! effect so far. Regarding such research and 
devetof»nerit of the non-finoar optical material, *Non-llnear Optical Properties of Organic Molecules and 
Orystala. vol. 1. 2, edited by AT & T. Academic f^iess Ina "ST-, can be referred. 

For the frequency conversion and, In particular, for the Second Hamionic Generation (hereinafOr 
stfbfevjatod to SHO) originated feom the second-order non-8near optical effect, thare have been some 

20 indications of the possibiiity that an oiganic compound may display extraordlnariiy higher effictoK^y tfian 
those of the conventlonafly known Inorganic materials such as Qthium niot>ate (L0^aiO»), potmium 
cfihydrogenphosphale (XDP). and so foilh. Such an indication is found out In. for example. -Organic Hon- 
Gnear Optical Materials-, compfied under ttw aupenriaion of Masao Kato and Hachiro Nalcanishf. pubOshod 
by C.M.C. Company. Japan, 1985. 

2S The optical noo-flneartty of an organfo compound orignates from w u lecl i ui w of molecules* and the 
second-orte nonlinear molecuter polarfaabttlty (A becomes particularly gre^ when the above- men- 
tioned compound fsas twth of m electron donative group and sn electron attracth/e group. 

Thare are, however, many compounds fnducSng, typically. p-nHnMniline which cfisplay no SHQ ataO or 
a few in Ihoir crystalline arrangement, even If they have a gieet moiecuiar nort-Bnear pdarizabilily. This la 

so because the moiecuiar ortentatfon in the crystals of potar orgartfc compounds are Sable to be centrosym- 
metric In crystafiine anangement 



SUMMARY OF THE INVENTION 

as 

ft is. accordaigly. an object of the invention to provide a rK>vel organic non*linear opScal rrvrterlai which 
can hardly be invemely symmetrte in a bulk stata such as those of crystaie, thin filnts and so forth and is 
capable of displaying a high non-Gnear optical effect and. further, an organic non-6near optfoal device 
40 employing the ntaterfal. 

The above^enttoned object of the invention can be achieved with a non-Bnear optical materfal 
comprised of a compound represented by the following Fcmnula I and a non-Unea- opttcal device employed 
the above-mentioned matertaL 

^ Formula I 



so 




«2 

wherein Ra and fU btdependently a hydrogen atom* a cyano group, a phenyl group, an amino group, an 
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alkcscy group, K:^anino ^poup, an ancytth&> ^tMip. m aflcyl group, an altocycarbonyl group, a carbamoyl 
group, or a heterocydlc grou|>, pravfded that R9 Is allowed to IWc tof^thar witti FU to tdrni a ring mkI Bi, 
R9 and R4 rfiaB not be hydrogon atoma at tha sama ttnte: Fb Is a hydrogen atom, an aScyi grouper w 
groiV. and tha groups representsd by Ri. R2, R3, 1^ and tl» rtng ftjnnad by BnWng groups lepi^^ 
by Ra and R« TO attowed to have a aubaituent. 



OETAlin DESCRIPTION OF THE INVEKIION 



TY19 Invention wHI now be more detalM below. 

fai the «4)ove-^v8n Fbrmula I, amino groups reprasanted by Hi. R« and R» bidude. for axampfa. a 
malhylamino group, a droelhylamino group and so forth. 

Mkoxy groups reproaentod by Ri. R« and R« Incfudo, for example, a methoxy gro^p* an emoxf group, 
and so forth. 

Acylamino groups roproaenled by Ri. Ra ml H4 indudo. far OKample. a benzamnfo group, an 

acfltoarnMo group, and so forth. 

Aflcytthfo groups raprosonted by Ri . Ra and R* Indoda. for example, a 

AM groups raprosaniad by R«. R9 and R« induda. for oxampte. a m^ group, an ^ group, and 

so tartfi. _^ 

Aflcoxycaitxioyigioupsrojwesemadby R1.R3 and Ri Incjude. for exampla, a methyl carboxylalo group. 

and so fortti. 

Carbamoyl groups roprosonted by Ri. Ha and R» Inchida. for example, a mothyteaibamoyl g«W. a 
phenylcaitjamoyt group, and so forth. 

Hatarocydto groups l UiJ i osented by Rt. Ra and R4 kiduded for exampto. a pyvldyl group, a pyrazoiyl 
group, m imidazolyl group, a pyrSmldyl gro4«>. a foryi group, a thienyl group, and so forth. 

The preferable groi^js represenied by R. , Ra and R4 Includo, for example, a sutwll^^ 

The preterite rings complatad by BiAing Ra and R* together fridod^^ 

The rings completed by SnWng Ra and R4 together are aHowod to have a siiJslHuent 

ADcyl groups represented by R2 fnchide. for example, a methyl group, an ethyl ^oup. and so forifli. 

Acyl ^ups represented by Ra include, for example, a benzoyl group, an acetyl group, and so forth. 

The preferatrie ones repnmntBd by Ra include, for example, a hydrogen atom. 

Rt.Ra. RaandR^aroeachallowodtohaveasutwmuent ' 

There is no special limitation to the substituents. but they may bo selected from the follovnng electron 
attractive or electron donative subsfituents. 

The above-mer^ioned electron attract substmianta are those having a Hammetrs constant ap more 
than zero. They Include, tor exmiple. nitro groups, cyano groups, afltylsulfonyl groups audi as a 
methylsuJfonyl group, a ethytedfonyt group and so forth, fonnyl groups, cartwmoyi groups such as a 
methy1cart>amoyl group, a phenylcabamoyi group, and so forth, sulfamoyi groups such as a "^ttjyw^ 
femoyi group, and so forth, oxycartxjnyl groups such as a methoxycartjonyl groufK an ethoxycaibonyl 
group, and so forth, dteyanovinyl groups, carboxy ^^oups, «td so forth- 

Airwng these, a nitro group, a cyano group, an aDcylsutfooyl group, a fonnyl group and an aHtoxycar- 
bonyl group are preferable. ^^^^^ . 

The above-mentioned electron donative substituents are a halogen atom or those having a Hammetrs 
constant «^ toss tan zaero. They indude. for example, amino <^oups such as an amino group, a 
methylamino group, a dimeOiytemino group, a L-a^tydroxymethyt-Hsynofldlnyl group, so form, 
hydraocyl groups, titoxy groups such as a methoxy group, an ^oxy group, a butoxy group, and so forth, 
aflcyt groups such aa a methyl gnx^j. an ethyl group, a propyl group, and so forth. 

Tha compounds reproaented by f=^Mnwla I preforably Indude. for example, fliose tovmg Ri leprosem- 
kig a phenyl group aubafiiutad with an elactron ttlradfve subst&i^ represen&ng a phenyl group 

subsUtiitod wMh an olodran donaOvo sObStltuant, or those having Ri representog a phenyl group 
aubslHutod wftti an electron donative aubstituent and R4 representing a phenyl group substituted wHh an 



ebon atoracQ^^a suOBiftuwit 

The compounds pvoferably appBciAle to the mvenfion wlO be ewmpllfied below. It la. however, to bo 
understood that the fenvenfion ahaO not be limited thereto. 
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(CHa) 



The imktezold rings of the compounds relating to the Invention may usuafiy bo synthoslzed by m^dng 
use of amkltno having R« and bromaoelophonone havfng Fb and R*. f=cr furthor dotaOs, refer to Cfiemlacho 
B«1c^. 34. 037 and, idom. 2097. for example. 

*n» other known aynttieai^ng methods are de8crit>ed In. for exampto. Chemiacfie Berichte » isai. Id. 
35. 2830, Aiwrien der Chemia. aoq 8S-10a Id- 663. Synthesis. 1078, 6. Journal of Chemical Society. 1067, 
4225, and so forth. 

The benzimidaaole rings of me compounds lelalHtg to the Invention are usuafly syntheslzsd through a 
dehydration reaction of an o-phenylonedianiine derhraive with a cartscxylc add derivative. 

When H2 represents an alkyl group or an acyi group. «w tmidaa»le rings may be syf*>eslzed by 
reacting Imktaole with the conesponding alkyi ha0de or an add chloride hi the preeenoe of base, or they 
may also readiy be synthesized by sheeting the raw maftsrlals for completing a ring. 



Synthesis example 1 



Synthesis cl ExempOHed Compound f 

* A solution was prepared t»y diasohring 15 g of 4-amlnosaBcyflc add and 11 g of phenytenedlamlne In 
tSO ml of cftwaia. and 20 g of N.N'-dlcycloh«>cylcarbodamlde was dropped Into the solution so as to react 
ttem for 4 hours at room temperature. Urea and. then. Ore solver^ were removed from the soJution. The 
resulting sohriion was heated for 1 hour at iao*C and. then, refined. Yield was 10 g. The total amoum 
thereof was dlsaohrad hi 100 ml of aceionltrtle and 7 g of benzoyl chloride was added. Jhe residfing 

^ sokiOon was raflUMSd for 3 hours, and tie resulting reacted eohiQon was cooled down, so that 13 g c« ma 
obiecUve crystsia were obtained, Ttm sbucture of ttie crystab were oonflnmed wWi an NMR and an FD 
mase*apBclrainotBr. 
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Synflieals of BuBmpOfied Compound e 

■■■...r*?* ?™* ** of 10« 8 was suapendsd bi 50 ml of dimethyl ftxmamhto and 3.11 g of 

aS7ir«SS^i!S!!S2^?i!l^^ «d«OsWw*n adution was cooled down, weter was 

amaa Tlw iMuHing Mild mattan deposiM w«m fWiaied. 
Yield: 2J27g 



9yiWio«ls Ekampls 3 
Symtws^ of &(smp«led Con^iound 7 

««iJ2^,^LISL!r^I^!f''*^ a. 4^ 9 of P^Jocuamldotwmaoetoplianone 

^SL^^?Z;if?^^!lS!ll" tt»iandaotoim.ll»o(herfatn8b.wWchihe 

^W«fl a no|HIn«r ogical devloe is appOad to the non^near optical malariai of the mvemion. such 
H^^i^^^'^J!^^!^^*^ fbrm. As b described in Japaiese Patent OJ»X Put>iicatk>n 

wngi© <9y8tBi 19 marounded by a dacMng matar^ 

S^ iS^SS paiam«Wc ampflncafion. knmt^ modumon, opScaf 



EXAMPLES 



Exampla-I 
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The compounds of the iimnBon wm w^vM far fudolng Iho SHQ effect, fay the weWawm ptrmSar 

The Mo«yfcio light aouice was used. A Q^wHchod NdrYAO laser tfhe wawrfength 1 004 nm) Model 
YQeeOA mamifadured by Quantal MBimSoiifiA, Inc^ OS tavina a beam diametsr off 2 mm. a rap^Son 
rate of 10 ppa. a putoe «ildlti of 10 ns, and m pidse enoiw of ao mJ- A 
ceB was exposed to ihe laser beam. The produced SHO BqM. 

by means off a imer and a monodvomelar. and intensity off which was delected by a 
ptwtonwjfflpto tube, so at to obtain the Intwwily c^ 
regarded as a value of 1. 

The rest^ mereof are also shown in Table 1. below. 



Table 1 



IS 



20 



Compound 


SHGtntenstty 


Remaric 


Urea 


1 tor Standard 


Comparative 


m-nttroanffine 


8 


Comparative 


Example 1 


7 


Invention 


Bcample4 


10 


Inventoi 


BcampleS 


15 


Invention 


Example7 


18 


Invention 


example IS 


8 


Invention 



As Is appaient from Table I. it can be faiwid lh^ «» compounds off the mventfon are excellent non- 
linear optical materials high In 8HQ intensity. 

Exampl02 

The same conpounds off the bwentlon as fliose used In Example 1 weio crystallzed <«wWe ahoBw 
glass libre so as to mate ttie nonlinear optical devices. When the NdiYAO laser beam was coupled Into 
these devices from the end-face off the fibre. 

Cfaims 

1. Anon-Onear optical malarial comprised of a compound represented by the fcrttowfrig l=bnmila t 



«-<:x:; „ 



I 

Rs 



6D 



56 



„ Ri. fla and R4 are independently a hycfrogon atom, a cyano group, a phenyl group, an amino 

group, an alSaxy group, an acylamino group, an afcyfthto 

cariaainoyl ffoup or a heteffocyclto group, provkted that Ra te allowed to 

and Ri. 1^ and R* Shan not be hydrogen atoms at the same time; 1^ a hydrogen rtom, an a8^ 

an aeyl group: and said groups represented by Ri, Ra. R*. fU and the ring fomied by Brtdng the groups 

represented by Rs and R4 are stowed to have a sutsslttusnt 

2- The inatertal off cWm 1. whereto said substHuem Is an eleclnHi ateacfive grou^ 
group, a cyano ^oup. an aflcyl sulfonyl groiqp. a fanny! group, a carbamoyl group, a suitemoyi group, an 
oxycartxuYyl group, dtoyanovinyl group and a cartKwy group. 
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3. The matorlal of claim 2. wherein said election adracSve groi4> Is a nttro o^^W* & cyano gioap, an 
tfkytsultonyi group* a fdmnyl gitRxp or an aflooKycarbonyt group. 

4w The mataHat ol aabn 1, wherein said eubstituent Is an electron dona^ group selected from a 
halogen atom, an amino group, a hydroxy group, an aScoxy group and an aicyl group, 
a 5. The materia] of dalm 1, wherein one of groups represented by said Ri and R« is a phenyl group 
sutasUtuted tyy an electron attracHve group and the other one of these groups Is a phenyl group aubstftuted 
by an electron donafive group. 

d. The material of dalm l.wtiereinQneof ^oupsrapreseniBd by Ri. RsmlRi Is a subsdtmed phenyl 
group. 

to 7. The mateiiid d ctahti 6. wherein a subs!ituef« of said subsStuted phenyl group la a nitre group, a 

cyano group, an alcyl suHbnyl group» a fbmiyl group, a carinmoyl group, a suHnnoyl group, an oxycartMnyl 

group, cficyanovlnyl groiQ) Of a cartKwy group. 

& The malerlal d clahn wherein a sub^Buem of said substm^ 

asTtinQ group, a hydroxy group, an allcoxy group or an alkyl group, 
rs 9. The material <a dalm 1, wherein a ilr^ fcmned by Mdng a group represented by said and a 

group repreaeniad by said n« is a benaane ring: 

10. The m^srlal of claims 1 or 2 to 9, wherein said Ra is a fiydrogen alom. 

11. A non-inear of^cai device comprising a compound represented by iho following Formula t 




wtiereki Ri. R3 and R4 are independently a hydrogen atom, a cyano group, a phetryl group, an amino 
group, an alkoxy group, an acyiamirw group, an aScytthio group, an aficyl group, an afiowyycarbonyt groups a 
30 carbamoyl group or a heterocyc^ group* provided that R» is allowed to flnk togetfwr with R* to form a ring 
and Ri. Fb and R4 st^ not be hydrogen atoms at the same &ne: Ra Is a hydrogen atom, an atkyt group or 
an acyl group; and said groups represented by Ri. H2. R?* R« and the ring formed tiy t>orKling the groups 
represented by Rs and R» are allowed to have a 8ut>stttuent 

12. The device of claim 11. wtierein said sutisWi^ is m electron attractive group selected from anitro 
^ group, a cyano grotip. an alcyl suSonyl group, a formyf group, a cait>amoyl group, a sutfamoyi groiv^ 9a 

Qxycartxxiyl group, dicyanovinyt group and a carboxy group. 

13. The ctovice of cteim 12. wher^ said electron attractive group Is a nilro group, a cyano groMp^ Sn 
akylsulfonyl group, a fbrmyl group or an aUcoxycartxinyi groupi 

14. The device of dalm 11. wherein saki subsfituent is an electron dbnafive group selactsd from a 
^ halogen atom, an amino group, a hytboxy group, an alkoxy group or an aOcyi group. 

15. The device ol daim 11. wherein one of groups lepresentsd by said Ri and H4 is a phenyl ^oup 
subsfihited by an electron attractive group and the other one of these groups is a phenyl group subsffluted 
tay an electron donative group. 

16. The device of dalm 11, wherein one d groups represented by Ri» Ra and R« is a subsfituted 
^ pheri)^ ^oup. 

' 17. The device of daim 10. wherein a subsHtuent d said substituted phenyl group is a riHro group. a 
cyano Qpraup, an alkyl sulibnyl group, a formyl group, a carbamoyl gnx4>, a suHamoyl groups an oxycartxmyl 
group, dscyanovinyl group or a cartxMy group* 

1& The device d dasra 10, wherein a strtxrtituent d said sitotituted phenyl group is a halogen atom. 
®o an amino group, a tiydroxy group, an allcoxy group or an alkyl group. 

19. The device d daim 11. wherein a ring formed by inMng a group represented by said Rs and a 
group rsprssented tiy ^d R« Is a t)en2sne iftig. 

20. The device d claims 11 or 12 to 19. wherein said Rz to a hydrogen atom. 

21. The device ddaims 11 or 12 to 20. wherein said device has a wawegdde form. 

22. The oevtoe d daim 21, w h erein said device has a fSbm form. 

23. The device d daim 21. wherein said device fias a tabular fonm. 

24. The device d daim 21. wherein said device has a fom in v^tich a single crystal d said nuderial is 
surrounded tyy a cl ad din g material. 
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The title material contains a cyan coupler I [Rl, R2 = substituent; R3 • 
H, alkyl, aryl, COR4, C02R4, O0NR4R5, S02R4, S02NR4R5 {R4 = alkyl, aryl, 
heterocyclic group; R5 = H, alkyl) ; X = H, group capable of being split 
off upon reaction with oxidized product of a developing agent; m = 0-4; n 
= 0-5] . The coupler is excellent in spectral absorption, absorption 
coefficient, and fastness. Thus* II was prepared and used in a color photog. 
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paper to produce high-d. heat-resistant dye image. 
IT 121216-54-4 121216-63-5 121216-65-7 
121216-66-8 

RL: TEM (Technical or engineered material use); USES (Uses) 
(photog. cyein coupler, for heat-resistant image) 
RN 121216-54-4 CAPLUS 

CN Carbamic acid. (4- [2- t2- [ [2- {2,4-bis (1, 1-dimethylpropyl) phenoxy] -l- 

oxohexyl] amino! phenyl] - 5 -chloro-lH-imidazol-4 -yl] phenyl] ethyl ester 
(9CI) (CA INDEX NAME) 




RN 121216-63-5 CAPIiUS 

CN Hexanamide, N- [2- [2- [2- ( ace tylamino) phenyl) -5-chloro-lH-imidazol-4- 

yllphenyl] -2- (2,4-bis(l,l-dimethylpropyl)phenoxyl - (9CI) (CA INDEX NAME) 




RN 121216-65-7 CAPLUS 

CN Benzamide, N- {2- [4- [2- [(2- [2,4-bis (1 , 1-dimethylpropyl) phenoxy] -3-methyl-l- 
oxobutyll amino] phenyl] -lH-imidazol-2 -yl] phenyl] -2,3,4,5 , 6-pentaf luoro- 
(9CI} (CA INDEX NAME) 
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RM 121216-66-8 CAPLUS 

CM Butanamide, 2- (2 , 4 -bis (1, 1-dimethylpropyl) phenoxy] -N- [2- l5-chloro~2- (2 
1(3,3,3 - 1 r if luoro- 1 -oxopropyl ) amino] phenyl 1 - IH- imidazol -4 -yU phenyl 1 - 3 
methyl- OCX) (CA INDEX NAME) 



Me 




CI O 



P3C— CH2-'C~NH 



IT 121216-46-4P 1212X6*47-5? 121216-49-7P 

RLi SPN (Synthetic preparation) ; PREP (Preparation) 

(preparation and use of, as cyan coupler for heat-resistant image) 
RN 121216-46-4 CAPLUS 

CM Benzenepropanamide, N- [2- I2- C2- (benzoyl amino) phenyl) -5-chloro-lH-imidazol- 
4-yl]phenyl] -a-butyl-2 ,4-bis (1, 1-dimethylpropyl) -p-oxo- (SCI) 
(CA INDEX NAME) 
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Me 




CI 

O 

II 

Ph— C— HH 



RM 121216-47-5 CAPLUS 

CM Carbamic acid, [2- (4- [2- { [2- [2, 4-bi8 <1. l-dimethylpropyDphenoxy} -1- 




RN 12121S-49-7 CAPLUS 

^' 12- 1 12- [2,4-bis (1. l-dimethylpropyl)phenoxy] -1- 

o^exyl]amxnolphenyll-5-chloro-lH-imida^ol-2-yllp£Lyll- {^i) (CA INDBX 
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